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High spectral resolution is needed for fine relative motions, multiple sources,
Isotope ratios, temperature, turbulence, currents, and etc.

sulfur and oxygen line shapes for ion precipitation
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Jupiter's northern aurora, (~1 A) from Upper panel: image of the FUV Jovian
Hubble-STIS northern aurora observed with WFPC2
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528 small satellites launched
from 2004 to 2013 (primarily to LEO)

232 Test and development satellites
107 Scientific satellites
89 Communications satellites
78 Remote sensing satellites
; e Several commercial and
19 Military sateliites / / government constellations

of small satellites are
| planned beyond 2013

Public-Private Partnership for Space Capability Development, April 2014
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SHS breaks out off the high spectral

resolution spectrometers restrictions

SHS can access wide FOV with high R that is not
possible with grating spectrometers

Plotting a large sample of
commonly used high
spectral resolution
spectrometers show they fall
L into providing small FOV
and can cover a verity of
bandpasses

ey

= comese 00 B - I oce o

>
Spectral Resolving Power Bandpass Range
(AM/AL) (AL )

-
r o

\
-
r

Field of View I
(square arcsec)

Y

Bandpass



Raman Spectroscopy

Raman spectroscopy is a well known common method to measure
biomarkers. Since vibrational spectroscopy is specific to the chemical
bonds and symmetry of molecules, Raman spectroscopy is commonly
used in chemistry and provides a fingerprint to identify molecules. In
medicine and gas analyzers, Raman Spectroscopy is used for real-time
monitoring of anesthetic and respiratory gas mixtures which is used
during some surgeries. In solid state chemistry, Raman has a key role in
the bio-pharmaceutical industry; it is used to identify (ID) active
pharmaceutical ingredients (APIs) and identify the polymorphic form
of the API, in case of multiple polymorphic forms.

Sona Hosseini, Caltech April 2016



Beneficiary factors

Reflective Spatial Heterodyne Spectrometers have many unique advantages
over all previously-reported Raman spectrometers. For instance:

More compact size: enables miniaturized and compact form factor in small
and compact platforms. For commercial use, this instrument replaces a system
in the size of a refrigerator into a backpack size instrument that can be carried
to remote locations.

Higher spectral resolution: enables the detection of fine and hard to detect
spectral features to avoid ambiguity and increase sensitivity and accuracy.

Wider FOV: enables higher throughput without the need to larger instrument
or larger microscope to detect faint spectra signatures.

Reflective design: enables the usage for a broad wavelength range from
visible to shorter wavelengths into UV and extreme UV without the
complication of refractive optics. SHS allows heterodyning around the laser
wavelength to increase the resolution in the deep UV.

No moving parts: enables using a pulsed laser and gated detector in ambient
light conditions so the entire Raman spectrum can be acquired with each laser
pulse.

Sona Hosseini, Caltech April 2016 8



Interference Pattern
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a2 SHS is a cyclical interferometer
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Side view Top view
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Khayyam: the first facility-class
SHS constructed

Siderostat second
mirror port

HamSpec
housing
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Diffraction grating
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In comparison with similar spectral
resolution instruments

Keck spectrometer (HIRES)
$4 million, 8 tons, 5 m length
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Optical layout

Laser
Lens can be replaced
by mirrors for a full ——
reflective design K Flat mirror \
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Optical elements and optics are not to scale.
SHS has been enlarged for more visibility.
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SHS Is compact

By developing the core of the reflective SHS into a monolithic assembly we
provide a way to fabricate robust SHS interferometers in a faster, more
flexible, and much more cost effective way by avoiding individual optical
mounts and holders for each element in the interferometer..
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EXTXERINAN / An example of monolithic
Grating -/ optical designs: SHIMMER
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78.45
cm

19



Narrow band
Transmission filter

Field
stop

Sky .a __:

Calibration lamp setup
on “flip in” mounts

incoming
beam Collimatin
glens FLP
Guider imaging
imaging lens lens
Lenscan be f— = ris
replaced by

mirrors for a
full reflective
design

Imaging
Detector

Off-axes
coupling
telescope

Flat mirror \

Suneap

Roof mirror J

20



Sona Hosselni
sona.hosseini@jpl.nasa.gov

Planetary Science
Mars Methane
Cometary Coma

lo Plasma Torus

g Venus night airglow
© s Lunar sodium tail

Earth Science
Wind and Temperaturé
Astrophysics OH Measurementg

Direct imaging of exoplanets

Interstellar Medium

H-alpha mapping of Nebula and Galaxies - ;
Solar wind interface oL e




Back Up



Reflective SHS Michelson design SHS
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Coupling SHS to the Coudé Auxiliary Telescope (CAT)

Using Shane

Using CAT
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SHIMMER on STPSat-1

Launched 2007,
decommissioned after
completing 2.5 years of
successful on-orbit
operation

Mesospheric hydroxyl (OH)

The STPSat-1 small satellite, built for the Department of Defense (DoD)
Space Test Program (STP) and operated by the DoD STP for the first
year then transitioned to NRL.
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MIGHTI on ICON Heliophysics

Explorer Mission will launch at 2017

$200 M ICON mission

(Tom Immel, UCB;
Orbital Sciences)

Earth’s
thermospheric winds

and temperatures at
altitudes 90-300 km

Engineering model of the MIGHTI
interferometer
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MANIC: direct detection of nearby
Jupiter-like exoplanets

Boston University, MA with input from Light Machinery Inc.
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